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Effect of vegetation restoration on stability and erosion resistance of soil

aggregates in semi-arid loess region
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Abstract: Soil water-stable aggregates strongly affect soil process and function, which is an important index to reflect soil
quality and soil erosion resistance. In order to explore the effect of vegetation restoration on soil erosion resistance in semi-
arid loess region, in this study, through three restoration methods ( natural grassland, natural restoration, artificial
restoration) and seven vegetation types ( Stipa grandis grassland, Stipa bungeana grassland, Leymus secalinus grassland,
Medicago sativa grassland, Caragana korsinskii shrub, Armeniaca sibirica forest and Pinus tabulaeformis forest) were
selected in the Longtan catchment of Dingxi in Gansu Province. The composition, stability and erosion resistance
characteristics of soil aggregates were analyzed by measuring 0—20 ¢m, 20—40 c¢cm and 40—60 cm soil water-stable

aggregates. The results showed that; 1) there are significant differences in the stability of soil water-stable aggregates among
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different vegetation types and different restoration methods ( P<0.05). The average weight diameter of soil aggregates in
natural restoration grassland was significantly higher than that in natural restoration and artificial restoration vegetation, and
the mass percentage of soil macroaggregates of the seven vegetation types was 67.97%—90.12%. The stability of soil water-
stable aggregates under artificial restoration was poor, among which the stability of Pinus tabulaeformis forest was the worst.
2) The destruction rate of soil aggregates and the ability of soil erosion resistance showed that the natural restoration method
was more beneficial to the improvement of soil structure stability. 3) The higher the content of water-stable macroaggregates
in soil, the more stable the soil aggregate, the better the soil structural stability; there was a very significantly negative
correlation between soil average weight diameter and soil erodibility factor K ( P<0.01). The results of this study show that
the natural restoration method can significantly improve the stability of soil aggregates, thus improving the soil anti-erosion

ability, so as to improve the soil erosion resistance, suggested the plant in the future.

Key Words: Loess Plateau; soil aggregate; average mass diameter; anti-erosion ability
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Fig.1 Location of the study area and experimental sites
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Table 1 Basic information of sampling sites
W2 IT s PRIZAF IR .
Restoration R PR Restoration R Bl BB
Vegetation type Sample size Elevation/m Aspect/ (°) Slope/ (°)
methods age
preTen -
AT j(ﬁ‘%ﬁﬂﬂ 7 — 2053.31+36.42 245+86.31 18+11.42
Natural grassland Stipa grandis grassland
2. —h
Jﬁ.tﬁﬁiﬂ 7 — 2076.31+52.65 203+128.43 17+£10.45
Stipa bungeana grassland
VR B
ARIE . BE . 5 15 2076.26+83.16 266+65.11 13+6.88
Natural restoration Leymus secalinus grassland
AIVX’E . Eﬁﬁiﬂg . 10 15 2033.38+46.27 151+134.90 16+7.80
Atrtificial restoration Medicago sativa grassland
s
ot R 4 30 2087.53+34.82 80+8.33 29+6.38
Caragana korshinskii shrub
N
i nﬂ‘ g 3 47 2072.50+75.50 236+73.15 21+5.03
Armeniaca sibirica forest
v \
HHAR 3 47 1977.77£17.90 342+16.92 14+0.58

Pinus tabulaeformis forest
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Fig.2 Mass percentage of aggregates with different grain sizes under different soil layers of different vegetation types
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FFWFSE ) 0—60 em 12, R BAK CRiAR F 42 >0.25 mm) Bttt 1 4 R AR TE 67.97%—90.12% 2 [F]
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Table 2 Stability of soil water-stable aggregates of different vegetation types
IR Soil depth/cm

K 0—20 20—40 40—60
Vegetation type VT jﬁg@ﬁé‘ﬂﬁ T TR ﬁgm Rk T TR j(glﬂ%"éﬁi
WMD/ F i AT WMD)/ o B 43 b WMD)/ i ER i a
WSA/ % WSA/ % WSA/ %
FEF S S, grandis grassland 1.95:0.640  80.22:5.64ab  1.1120.26a 82.33+4.68a 0.71£0.09 76.69+6.49
KRB S, bungeana grassland 2.04£0.57a 83.61+3.57a 0.96+0.03a 84.26+6.32a 0.78+0.04a 75.58+1.69ab
HE B L secalinus grassland 2.66+0.89a 90.12+7.36a 1.92+0.73a 89.61+3.65a 1.39+0.26a 81.64+8.36a
B 5 M.sativa grassland 0.84+0.08b 85.66+4.27a 0.50+0.17b 82.64+2.68ab 0.38+0.09h 74.13£5.19ab
F7EHE N C.korshinskii shrub 1.28+0.18a 81.69+7.77a 0.60+0.23a 80.45+5.32ab 0.30+0.63b 73.98+3.68ab
LA K A. sibirica forest 0.67+0.13b 82.89+7.64a 0.56+0.66h 79.45+6.58ab 0.46+0.09h 74.59+7.69ab
AR P.tabulaeformis forest 0.30+0.02b 79.31+7.98h 0.44+0.83b 77.89+4.69h 0.39+0.07b 67.97+8.87ab

ANRING PR 7R TR — 2 A [ R 2 T 1] A9 22 57 S 3% (P < 0.05) , WMD: ¥ 2 8 & 4%, Mean weight diameter; WSA ; K 11 58 A Bt i 11 43 [, Water
stable aggregate
®3 FRBEFXTEAKBEARGFREN

Table 3  Stability of soil water—stable aggregates of different Restoration methods
HHERE Soil depth/cm

P 0—20 20—40 40—60
P 7
X

Restoration methods prmiae PR s RE umpe KRE

WMD/mm T FOrIE WMD/mm TR EOrIE WMD/mm PRI

WSA/% WSA/% WSA/%

FRFEH Natural grassland 2.00:0.36b  81.92+6.95h 1.04£0.11h  8330:622h  0.75:0.06h 76.14+5.32)
HSRPK S Natural restoration 2.66+0.89a 90.12+7.36a 1.92+0.73a 89.61+3.65a 1.39+0.26a 81.64+8.36a
ATHRE Artificial restoration 0.77+0.64c 82.39+9.33h  0.53£0.02h  80.11=4.69h  0.38+0.13b 70.67+6.32¢

AFNE FRER R [ — 2 AR KR AR 2% 5 8% (P<0.05), WMD. P35 it FL 42, Mean weight diameter; WSA: 1] 5 14 Bt 2 & 43 [L, Water

stable aggregate

3.2 NI B2 A - DR SR AR IR e R AR ik e T 43 A

Bifi - SRR BE 3G N, £ A Bl 2 A A SR R AR IR R A S 3 A (&1 3) AR SR EE T o
P B AR I 2% ) I T A A B 25 8 (P<0.05) . 0—20 em )2, KAF 3 K152 1 1 3 A SR AR 3R %y
7.27%17.98% , N TARZAEYE + 3 I RAIRBEIRFN 8.58%—11.9% , HirhFy 4% 4 358 [ RARTE BOR R Je i, (H
PSP R 1 B 43 S N 6.99% (15.39% |, i B+ e A SRAK B IR R B (IR 6.28% , L KBTS A 2 B 43 B
ik 13.68% .21.68% , 20—40 cm Fl 40—60 cm )2, i 55 4 T A 5 1A i R 3 IR F H A K &2 28 RUAR 4% (P<
0.05) , AN FITE i B e MRS T KA S K22 FE 4 3G N 15.18%—27.19% ,40.93%—69.06% ., K E, A
TR I 3+ e R AR IR R A A+ 23 0 35 8 T R AR A [ SRR 7 s A % ( P<0.05) ,0—20 cm |
20—40 em RIRFEH 5 [ IR E T AP E A B 40—60 em +)2 H AWK 5 200 58 T HoAh w5 Fpk 52
TR (&4,
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Fig.3 PAD distribution characteristics of failure rate of soil aggregates under different vegetation types
ANIFING Ttk FOR R — A S T R - J2 0] 22 57 1. 35 (P<0.05) , AR E FREFR IR Al — 1 R AN RIS B T 6] 22 57 . 35 (P<0.05) ; I 4L
PR HBE AR ; PAD : 3T AT IR R The soil of percentage of aggregate destruction

F4 AEHEFXTEARGEIRERMTHERFERESH
Table 4 Analysis on the difference of PAD and erodibility factors different Restoration methods
LR Soil depth/cm

- 0—20 20—40 40—60
TOBEN . — ) ; . _
SR PR EHTIREE  RRERIE RO DREEE bR
27 SiSR 27 5SS IR 5SS
PAD K PAD K PAD K
PR/
7.63+2.47Ba 0.027+0.001Bb 6.97+£2.01Ba 0.030+0.005Bb 6.12+0.99Bb 0.033+0.008Ba
Natural grassland
. 6.28+1.93Ba 0.021+0.002Bb 5.25+0.33Bb 0.022+0.002Ch 4.26+0.54Cc 0.028+0.004Ca
Natural restoration
=)
ALK 10.07+1.49Aa 0.037+0.004Ab 8.52+0.89Ab 0.044+0.004Ab 8.81+£0.70Ab 0.048+0.005Aa

Artificial restoration
ANRING TR R — R J5 SO Rl LR ] 225 8.3 (P<0.05) , ARIRE TR [Fl— 2 AR A Jr X1E] 22 5 8.3 (P<0.05) ; PAD:
HE A AR IR % The soil of percentage of aggregate destruction ; K : -3 ] {4 H F, Soil erodibility factor K
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Fig.4 Variation characteristics of soil erodibility factor K under different vegetation types
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